An analysis of the internal rotation fine structure for the rotational transitions of hexa-deutero dimethyl selenide in the first excited torsional states is presented in terms of a molecular model with two degrees of freedom for the internal rotation or torsion of the two tops in addition to the three degrees of freedom for the overall rotation. By a least squares fit of the multiplet splittings of ten transitions in the and nine transitions in the v w = l 2 excited torsional states, the following parameters have been obtained: F 3 = 1493±9 cal mol -1 ; #=50° V±T; F 12 '=28.4±0.3 cal mol -1 . The splitting of the fine structure components could be nicely fitted, but not their absolute frequencies and the seperation between the two multiplets.
Introduction
As a part of the general program of studying the barrier and top-top coupling parameters in molecules with the general formula (CH3)2-X, where X is a group VI atom, we recently reported the microwave spectrum of hexa-deutero dimethyl selenide in the ground and first excited torsional states 1 . The ground state rotational lines were not found to split by the coupling between overall and internal rotation angular momenta. The first excited torsional state rotational transitions were found as two sets of triplets corresponding to v n = l 1 and 12 states and their assignment was confirmed by Stark effect and microwave-microwave double resonance experiments 1 . Figure 1 gives the details of the microwave- microwave double resonance connections used in the assignment of the rotational transitions in the first excited torsional states of the molecule. In the previous publication the internal rotation fine structure in the excited torsional states of the molecule was rather crudely analyzed. Only the average value of the multiplet splittings [AiAj-{AiE or EAj)] in the vn = \x and 12 states were fitted to obtain the potential barrier V3 and the angle $ between one of the top axes and the "6 axis", while the top moment of inertia was held fixed and the top-top coupling parameters were neglected. In this publication, we present a more detailed analysis of the internal rotation fine structure of the first excited torsional state rotational transitions, which includes a possible determination of the top-top coupling parameter V12 also.
Theory and Method of Analysis
The analysis depends basically on a model in which the molecular frame and the methyl groups are assumed to be rigid. The two internal degrees of freedom are the internal rotations or torsions of the tops in addition to the three degrees of freedom for the overall rotation. The Hamiltonian operator for this molecular model is 2 
The interpretation of the spectrum follows with a computer program in which the Hamiltonian operator is handled in the following way. In the first step, the matrix elements of the Hamiltonian (lb) + (lc) are set up in the basis of the eigenfunctions of (lb), (a product of the Mathieu functions Uvioi( a i) Uvtot ( a 2) the two independent hindered rotors) and diagonalized to give the torsional energy eigenvalues and the eigenfunctions *• The part (lb) + (lc) of the Hamiltonian describes a system of two hindered coupled tops with fixed axes. This matrix factors, when one uses symmetrized wave functions according to the irreducible representation of the group Cjjv® C3V, whose symmetry operations leave the the total Hamiltonian (1) invariant. Because of the interaction through the part (lc), the degeneracy of the levels v1t>2 = l,0 and 0, 1 is lifted.
In the second step, the wave functions <5pnCT" of the coupled internal rotors (as obtained in step 1) together with the Wang function Sj\K\yM are used as the basis for the total Hamiltonian (1). In this basis, the Hamiltonian is seen to be diagonal in /, M and on, but neither in K nor in vn . The matrix elements of (ld) which connect states of different vn are treated by a Van Vleck transformation 4 , correct to the second order.
In the third step, the resulting effective rotational Hamiltonian matrix is diagonalized and gives the eigenvalues of the operator (1).
A computer program MELITA was available which, based on the above mentioned procedure, calculates and/or fits the experimental splittings yielding values of the reduced barrier parameter 5, the top-top coupling parameters V12, V12, the methyl top moment of inertia I,a, the orientation of the internal rotation axis in the principal axes system and the rotational constants.
Two important points should be mentioned. Firstly, on the convergence of the calculating pro- cedure in the first and the second step, it should be decided, what finite matrix out of the infinite one in vn is to be used. As has been concluded elsewhere also 3 ' 5 , this could not be predicted in general and should be decided for the individual cases themselves. Figure 2 shows the dependence of the rotational eigenvalue of the level JT = 33 ** on the maximum value of v n {v m!iX ) used. In the case of torsional part as well as of rotational part, double precision was used, which means inclusion of 16 significant figures. It can be seen that the change of the eigenvalue of the 33 level from t>max = 7 to 8 is much smaller than the accuracy of measurements, whereas that from umax = 6 to 7 is of the same order. In all the calculations, vmax = 8 has been used. Secondly, in connection with the Van Vleck transformation, three versions of the program are available. a) Van Vleck transformation aiming at only one of the torsional levels at a time and without denominator correction 6 ' 7 ; b) Van Vleck transformation aiming at only one of the torsional levels at a time and with denominator correction included; c) Van Vleck transformation aiming simultaneously at both of the nearly degenerate (for example v n = l x and 12) torsional states and without denominator correction. Table 1 gives the energy levels of the pure torsion. It could be seen that in the case of (CD3) 2 80 Se, the energy difference between the two torsional states of our interest, viz. vn = \1 and 12 is of the same order as the rotational transition energies in a particular torsional state. Hence the Van Vleck transformation aiming simultaneously at both of the lt and 12 states was used. With this, no need was realized to include the denominator correction, because the energy differences between these and other torsional states are at least two orders of magnitude larger than that between themselves.
It was found that the internal rotation splittings were not much sensitive to the variations of the rotational constants. Hence, their ground state values were used. Moreover, the parameters V 12 , I A and s proved to be so highly correlated that their simultaneous determination was not possible. Instead we have fixed Ia = 6.35 Ä 2 , which is half of the observed ground state inertia defect for the molecule and V 12 = 0. The s, V 12 and $ were then determined by a least squares fitting procedure to the observed splittings of ten rotational transitions in the and nine in the 12 excited torsional states. Table 2 gives the measured splittings and compares them to those calculated on the basis of the above procedure. Table 3 presents the correlation coefficients of the three internal rotation parameters fitted and Table 4 gives the root mean square partial derivatives of the splittings with respect to these parameters. Table 5 gives the final results. splitting in the 12 multiplet of the transition 313 -322 . At present nothing can be said with certainty about this large deviation with the exception that in our rather cruder analysis of the previous publication 1 , this transition was among those in which largest fourth order contribution to the splittings was seen. This could partially be the reason, because the present calculation does not include the fourth order contribution to the splittings. The angle as obtained in this work is within the experimental uncertainty to that obtained by Beecher 8 from the ground state work of the normal species of the molecule. The same is true for the potential barrier parameter V 3 . The top-top coupling parameter V 12 is about 2% of V 3 . This is of the same order as obtained for the other molecules of this series (0.53% for dimethyl ether 9 ; 1.6% for dimethyl sulphide 3 ).
